Background and Objectives: This study is a meta-analysis of ran-
Results: Twelve randomized controlled trials including 700 patients were included in the analysis. The efficacy of TENS was similar to that of control treatment for providing pain relief (standardized difference in means [SDM] = −0.20; 95% confidence interval [CI] , −0.58 to 0.18; P = 0.293). Other types of NSTs were more effective than TENS in providing pain relief (SDM = 0.86; 95% CI, 0.15-1.57; P = 0.017). Transcutaneous electrical nerve stimulation was more effective than control treatment in improving functional disability only in patients with follow-up of less than 6 weeks (SDM = −1.24; 95% CI, −1.83 to −0.65; P < 0.001). There was no difference in functional disability outcomes between TENS and other NSTs.
Conclusions:
These results suggest that TENS does not improve symptoms of lower back pain, but may offer short-term improvement of functional disability. C hronic low back is a debilitating condition that results from factors such as physical activity, trauma, and inflammatory conditions. The Global Burden of Disease studies ranked chronic back pain (CBP) as the first cause of years lived with a disability and the sixth cause of disability-adjusted life-years. 1 Such high rankings may arise in part from the prevalence of CBP: recent estimates indicate that approximately 1 in 5 to 1 in 10 individuals in representative populations in the United States and Germany are afflicted with CBP, respectively. 2, 3 As might be expected, the rate of CBP increases with age. 4, 5 Perhaps less expectedly, recent studies have found an association of CBP with smoking, body mass index, and depression. [6] [7] [8] Given that the worldwide population is getting both older and heavier, successful management of this condition is becoming increasingly important.
Although patients with CBP are frequently managed with pharmacological therapy, lack of efficacy and adverse events lead many to discontinue treatment. For these patients, nonpharmacological approaches such as physical therapy and exercise may have some benefit. Nerve stimulation therapy (NST), which alters the activity of peripheral and central components of the nervous system, has also been used to treat CBP. 9 One of the oldest of the NSTs is electroacupuncture (EA), which has been used to provide pain relief for several decades. [10] [11] [12] Neural stimulation with EA is delivered by needles inserted into the skin, soft tissue, or muscles, at sites that will maximize pain relief. Percutaneous electrical nerve stimulation (PENS) and percutaneous neuromodulation therapy (PNT), as their names imply, also provide stimulation via needles or electrodes that pierce the skin. An alternative procedure also approved to treat chronic pain is transcutaneous electrical nerve stimulation (TENS). Although the neuromodulation elicited by TENS is similar to that of percutaneous techniques, 13 TENS is delivered through the skin by surface electrodes encased in a patch.
Although TENS is widely used for pain management, evidence for its effectiveness is controversial. As a result, insurance coverage for this technique in the United States is currently restricted to patients enrolled in a randomized controlled trial (RCT). A 1995 assessment by the Canadian Coordinating Office for Health Technology Assessment found no benefit of TENS for chronic pain.
14 A later assessment, conducted in 2010 by the American Academy of Neurology, reached a similar conclusion. 15 The American Academy of Neurology's assessment was based on the evidence of 5 studies, only 2 of which were RCTs. Moreover, the assessment did not compare the effectiveness of TENS and other NSTs.
Thus, the purpose of this study was to conduct a meta-analysis of RCTs that compared TENS to sham TENS and to other therapies including EA, PENS, and PNT for the treatment of CBP.
METHODS

Search Strategy
This systematic review and meta-analysis was conducted in accordance with PRISMA guidelines. 16 We searched MEDLINE, Cochrane, Google Scholar, and ClinicalTrials.gov databases through June 30, 2014, using the following search terms: nerve stimulation therapy (electroacupuncture, percutaneous electrical nerve stimulation, and percutaneous neuromodulation therapy), transcutaneous electrical nerve stimulation, back pain, and chronic pain. Duplicate citations were eliminated after the preliminary search results were obtained. To identify the final studies that would be included in the meta-analysis, the remaining citations were screened by a 2-step process. First, the title and abstract of each article were examined, and citations not meeting the inclusion criteria and meeting the exclusion criteria were discarded. Second, we obtained full-text copies of the remaining citations, and these were examined to determine which met all of the inclusion criteria and none of the exclusion criteria. Two independent reviewers identified eligible studies by using the search strategy described previously. If any uncertainties existed regarding eligibility, a third reviewer was consulted. The reference lists of the relevant studies were hand searched to identify other studies that met the inclusion criteria.
Selection Criteria
Studies included in this meta-analysis met the following inclusion criteria: (1) the study was an RCT; (2) enrolled patients were 18 years or older, and women were not pregnant; (3) patients were being treated for CBP; (4) the intervention involved TENS; and (5) the control group was either a negative control (ie, sham control, placebo, or medication only) or an active control (ie, other types of NSTs). Studies were excluded if they did not provide numerical data regarding the degree of pain or disability, and if they were non-English or non-Chinese publications. Letters, comments, editorials, and case reports were also excluded. Chronic pain was defined as pain lasting more than 12 weeks.
Data Extraction
Data extraction was also performed by 2 independent reviewers, and a third reviewer was consulted to resolve any uncertainties. The following information was extracted from studies that met the inclusion criteria: the name of the first author, year of publication, study design, demographic data and diagnoses of the enrolled patients, information on the intervention(s), length of follow-up, and numerical pain and/or disability data from before and after the intervention.
Quality Assessment
We used the Cochrane Risk of Bias Tool to assess the quality of the included studies. Recommendations for judging risk of bias are provided in Chapter 8 of the Cochrane Handbook for Systematic Reviews of Interventions. 17 Quality assessment was also performed by 2 independent reviewers, and any uncertainties were resolved by consulting a third reviewer.
Outcome Measures
The primary outcomes were the difference between the 2 interventions in the mean change in pain from baseline to after the intervention, for TENS versus control, and for TENS versus other NSTs. The secondary outcome was the difference between groups in improvement of functional disability.
Several different disability scores were evaluated. The Roland-Morris Disability Questionnaire (RMDQ) evaluates items associated with daily function and physical activities that may be affected by lower back pain, such as housework, sleeping, mobility, dressing, getting help, appetite, irritability, and pain severity. Although it is called a "disability" scale, it contains elements of impairment, disability, and handicap according to the International Classification of Functioning, Disability and Health. Scores range from 0 (no disability) to 24 (maximal disability). The Oswestry Disability Index (ODI) has 1 item regarding pain and 9 items regarding the activities of daily living including personal care, lifting, walking, sitting, standing, sleeping, sex life, social life, and traveling. The total ODI score ranges from 0 (no disability) to 100 (maximum disability). The Quebec Back Pain Disability Scale (QBPDS) contains assessments of elementary daily activities that patients with back pain might perceive difficult to perform. Items can be classified into 6 domains of activity affected by back pain: bed/rest (items 1-3), sitting/standing (items 4-6), ambulation (items 7-9), movement (items 10-12), bending/stooping (items [13] [14] [15] [16] , and handling of large/heavy objects (items [17] [18] [19] [20] . Scores range from 0 (no disability) to 100 (maximal disability).
Statistical Analysis
For the primary and secondary outcomes, the means and SDs were calculated and compared between the 2 interventions. Because the outcomes were determined by various instruments, a standardized difference in means (SDM) with a corresponding 95% confidence interval (CI; lower and upper limits) was calculated for the outcomes of each individual study and for studies combined. A χ 2 -based test of homogeneity was performed, and the inconsistency index (I 2 ) and Q statistics were determined. If I 2 was greater than 50% or greater than 75%, the trials were considered to be heterogeneous or highly heterogeneous, respectively. If I 2 was less than 25%, the studies were considered to be homogeneous. If the I 2 statistic was greater than 50%, a randomeffects model of analysis was used. 18 Otherwise, a fixed-effects model (Mantel-Haenszel method) was used. The combined effects were calculated, and a 2-sided P < 0.05 was considered to indicate statistical significance. Sensitivity analysis was carried out using the leave-one-out approach. Publication bias was not assessed because more than 10 studies are required to detect funnel plot asymmetry. 19 Subgroup analysis was performed to evaluate treatment efficacy according to follow-up duration (<6 and ≥6 weeks). All analyses were performed using Comprehensive Meta-analysis Statistical Software, version 2.0 (Biostat, Englewood, New Jersey).
RESULTS
Literature Search
A flow diagram of study selection is presented in Figure 1 , Supplemental Digital Content 1, http://links.lww.com/AAP/A237. The literature search initially identified 398 citations. Of these, 357 were excluded after screening the title and abstract. Review of the full text of the remaining 41 citations resulted in exclusion of 29. Thus, ultimately 12 RCTs published from 1986 through 2011 were included in the meta-analysis.
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Study Characteristics
A summary of the characteristics of the included studies is provided in Table 1 . A total of 700 patients were enrolled in the 12 studies: 350 received TENS, 81 underwent another type of NST, and 269 were in control groups (sham and other controls). Nerve stimulation therapies included EA (1 study of 9 patients), PENS (3 studies of 86 patients), and PNT (1 study of 13 patients). The mean age, reported for all but 2 studies, ranged from 36.6 to 61.5 years. The percentage of men in the TENS arm ranged from 0% to 76.7%. The studies were performed in Asia (Hong Kong, Japan), Europe, the United States, Canada, and South America. The study periods varied widely, with the shortest being 3 days and the longest 8 months.
Treatment Effect: Pain
TENS Versus Control
Pain relief in patients who received TENS versus control groups is summarized in Table 2 . Nine studies reported complete numerical data (mean and SD) for pain scores before and after the intervention for patients who received TENS or the sham control/ placebo and were included in the meta-analysis. There was evidence of heterogeneity among the studies (Q statistic = 20.242, Regional (Fig. 1A) .When subdivided by follow-up duration, there was no significant difference in pain relief between the TENS group and control group for studies with a follow-up period of less than 6 weeks (P = 0.209). A similar result was found for studies with a follow-up period of 6 weeks or longer (P = 0.818).
TENS Versus Other NSTs
Pain relief in patients who received TENS versus other types of NST is summarized in Table 2 . Five studies provided complete pain score data for before and after the intervention and were included in the meta-analysis. Because of evidence of heterogeneity among the studies (Q statistic = 22.155, I 2 = 81.95%, P < 0.001), a random-effects model of analysis was used. The combined SDM indicated that other types of NSTs were significantly more effective than TENS in providing pain relief (0.86; 95% CI, 0.15-1.57; P = 0.017) (Fig. 1B) . In patients with a follow-up period of less than 6 weeks, other types of NSTs were significantly more effective than TENS in providing pain relief (SDM = 1.11; 95% CI, 0.17-2.06; P = 0.021). However, no significant difference in the pain relief between the 2 groups was found in patients with a follow-up period of 6 weeks or longer (SDM = 0.54; 95% CI, −0.54 to 1.61; P = 0.326) (Fig. 1B) .
Treatment Effect: Functional Disability
TENS Versus Control
Data of disability level of patients who received TENS versus control are summarized in Table 3 . Six studies provided complete numerical data for the disability level before and after the intervention and were included in the meta-analysis. Evidence of heterogeneity was present (Q statistic = 25.036, I 2 = 80.03%, P = 0.001); thus, a random-effects model of analysis was used. The combined SDM (−0.60; 95% CI, −0.67 to −0.02; P = 0.328) indicated there was no significant difference in the improvement of functional disability between patients who received TENS and control patients. For patients with follow-up period of less than 6 weeks, TENS was significantly more effective than sham control/placebo in improving functional disability (SDM = −1.24; 95% CI, −1.83 to −0.65; P < 0.001). No significant difference in functional disability between the 2 groups was seen for patients with a follow-up period of 6 weeks or longer (SDM = −0.04; 95% CI, −0.26 to 0.18; P = 0.707) (Fig. 2A) .
TENS Versus the Other NSTs
Data of disability level of patients who received TENS versus other NSTs are summarized in Table 3 . Only 2 studies provided disability data from before and after the intervention. The duration of follow-up in both studies was less than 6 weeks. The combined SDM (0.26; 95% CI, −0.08 to 0.59; P = 0.134) indicated no difference in improvement between the 2 groups (Fig. 2B) .
Sensitivity Analysis and Publication Bias
To determine the reliability of the results, sensitivity analysis using the leave-one-out approach, in which the analysis was performed with each study removed in turn, was conducted (Table 1 , Supplemental Digital Content 2, http://links.lww.com/ AAP/A238). The direction and magnitude of each SDM did not vary markedly with the removal of each study in turn, indicating the meta-analysis had good reliability and the results were not overly influenced by any single study. However, in the analysis of TENS versus other NSTs with respect to pain, although the pooled SDM remained greater than 0, P values became nonsignificant when 3 studies were removed (Yokoyama et al, 27 Tsukayama et al, 29 and Ghoname et al 30 )
. No sensitivity analysis was performed for TENS versus other NSTs with respect to disability because only 2 studies were included in the analysis. *Unless otherwise noted, the score for disability is presented as the mean (SD). †Mean (SE). NA indicates not available. Figure 3A shows the potential risks of bias for the individual studies. Although most studies had bias in 1 or more categories, 3 studies received positive assessments for all categories analyzed. The most significant bias came from the performance category, because several of the included studies (5 of 12) did not apply a sham control or placebo control to sufficiently blind the participants. The included studies had an overall high risk of performance and attrition bias, as well as a high risk of bias due to lack of an intention-to-treat analysis (Fig. 3B) .
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DISCUSSION
In this meta-analysis, we evaluated the efficacy of TENS for the treatment of CBP. A total of 12 studies enrolling 700 patients from 8 countries were included in the analysis. Moreover, the analysis included several RCTs whose results were published after the most recent systematic review of this topic. The results indicated that pain relief was not different between patients treated with TENS versus control patients and that other NSTs (including EA, PENS, and PNT) were more effective in providing pain relief than TENS. Overall, TENS did not provide improvement in disability when compared with control treatment, but TENS was more effective in improving functional disability within 6 weeks after the treatment. The difference in improvement of disability between TENS and other NSTs was not conclusive because only 2 studies were included in the analysis.
This meta-analysis comparing the efficacy of TENS and other NSTs provides important insights regarding the use of TENS, PENS, and PNT. While our inclusion criteria allowed inclusion of studies that tested EA, only 1 of 5 (relative weight, 16 .475) was assessed in the meta-analysis of pain relief; the remaining studies used PNT or PENS (combined relative weight, 83.525). Therefore, further analysis of the comparative efficacy of TENS and EA should be undertaken. At present, we cannot state with certainty why treatment with non-TENS NSTs was more effective than TENS for relieving pain. One possibility is that the percutaneous delivery of the electrical stimulation is superior to a transcutaneous approach. Alternatively, the better performance of PNT and PENS over TENS may arise from the experimental protocols used in the included studies. The efficacy of these procedures depends on parameters including stimulus intensity, duration, and frequency. [32] [33] [34] [35] (Jarzem et al 25 41 [1990] ) including 585 patients. Two of the trials in that analysis (Jarzem et al [2005] , 25 Topuz et al 26 [2004] ) were included in the present analysis. The studies included in the 2 analyses were different because of slightly different inclusion criteria. Khadilkar et al 42 excluded the study by Gemignani 40 because of a mixed sample of acute, subacute, and chronic lowback pain, and the study was confined to patients with ankylosing spondylitis (inflammatory arthritis); they excluded the study of Marchand 39 because the study included patients with inflammatory arthritis (rheumatoid arthritis, ankylosing spondylitis) and other specific diagnoses, for which exact numbers were not provided; they excluded the study by Moore and Shurman 31 because of a mixed sample of upper, middle, and low-back pain. Khadilkar et al 42 concluded that there was conflicting evidence for a superior effect of TENS versus placebo, whereas Milne et al 37 concluded that the pain relief provided by TENS is similar to that of placebo.
Both Khadilkar et al 42 and Milne et al 37 found no evidence of superiority of TENS over placebo with respect to disability. Our results differ in that we found a significant difference in TENS versus placebo in the ability to improve disability in patients within a 6-week follow-up period. A potential explanation is different scales were used to measure disability. Khadilkar et al 42 and Milne et al 37 included trials that used the ODI and Roland Disability Index, respectively, whereas the studies in our analysis also used other scales such as the QBPDS. Interestingly, of the TENS for Chronic Back Pain studies in our meta-analysis that examined disability, the two that found a significant benefit of TENS both used the ODI. 21, 26 However, these studies contributed approximately only 10% of the total patients. In addition, all of these scales are validated and frequently used. Therefore, we do not believe that our opposing conclusion stems from analyzing data generated from several types of scales. Instead, we believe that the much larger number of subjects and RCTs in our meta-analysis has allowed us to identify a clinically significance of TENS treatment in improving disability.
The most recent meta-analysis examining TENS for chronic low back pain was performed by Jauregui et al 44 in 2016. A visual analog scale for back pain was the primary outcome, and the analysis included 9 level I and 4 level II studies that included a total of 267 patients with a mean duration of treatment of 6 weeks and mean follow-up of 7 weeks. The authors found that TENS significantly reduced pain, with pretreatment to posttreatment SDM of 0.844. While the overall results were different than our results, interestingly, patients treated for less than 5 weeks had a significant reduction in pain, whereas those treated for more than 5 weeks did not.
Examination of more subjective parameters such as satisfaction with TENS treatment and outcome and overall perception of the treatment would add value to determination of the value of TENS treatment in CBP. However, only 2 studies included in the current analysis reported such data, and the measures were different in the 2 studies. Warke et al 24 provided a questionnaire at the conclusion of the trial, and the majority of participants (69%) felt that the TENS had helped their low back pain during the trial, and 80.8% stated that they would consider using TENS again. Ghoname et al 30 reported that PENS was the preferred treatment in 91% of patients, and 80% stated they would be willing to pay money out of pocket to continue PENS. In a study not included in the meta-analysis, Deyo et al 41 reported that 56% of patients in a sham TENS group and 68% in a true TENS group stated they wished to continue TENS. Thus, even though the data are limited, it seems that patients believe that TENS treatment is valuable. Interestingly, in our literature review, we did not find any studies specifically focusing on patient satisfaction with TENS.
This study has certain limitations. First, our analysis included a limited number of studies comparing TENS and other NSTs. Second, the length of the intervention varied among the studies, and subgroup analysis by length of follow-up showed different results in some comparisons. This variance raises an important issue regarding the need for experimental standards in future trials. Third, the comorbidities of the enrolled patients could differ. If so, this would explain a certain degree of the heterogeneity of the included studies and could lessen the general applicability of the results.
In conclusion, we have conducted a meta-analysis of studies that reported the efficacy of TENS and other NSTs for the treatment of patients with CBP. The results indicated that pain relief was not different between patients treated with TENS versus control patients and that other non-TENS NSTs (eg, PENS, PNT) were more effective in providing pain relief than TENS. Overall, TENS did not provide an improvement in disability when compared with control treatment; but in patients followed up for less than 6 weeks TENS was more effective than control treatment in improving functional disability. The difference in improvement of disability between TENS and other NSTs was not conclusive. Additional RCTs comparing the efficacy of TENS and other approved procedures are warranted.
